The authors' aim was to examine the prevalence of (daily) dietary-supplement (DS) use among elite adolescent athletes and to differentiate use by different types of DS according to their function. Data were analyzed for associations between users of these DS types, sociodemographic, sport-specific characteristics, and opinion on the need for DS. In addition, sources of supply and information were examined. In the framework of the GOAL Study, 1,138 German elite adolescent athletes (14-18 yr) answered questions about DS. The data were analyzed to identify groups at risk for using DS after a classification by supplemental function. Of the young athletes, 91.1% reported DS use during the previous month. (Daily) DS use was significantly associated with sex, kind of sport, and the weekly duration of sporting activity. Furthermore, some athletes were required to use DS by their sporting organization. DS use was more likely in these athletes than in those whose sporting organizations had no such requirement. Overall, DS with short-and long-term supplemental function were mostly associated with the use of magnesium. However, DS with medium-term muscle-building function played an important role among daily users. The main source of information about DS was coaches; main source of supply was parents. Professional education is urgently needed, as 9 out of 10 athletes used DS, and strong positive opinions toward the use of DS were present, particularly in the DS users.
Athletes often use dietary supplements (DS) to gain advantage over their opponents (Maughan, King, & Lea, 2004) . The aim of using DS is to allow athletes to train harder, improve performance, and recover more quickly (Maughan et al., 2004; Perko, Bartee, Dunn, Wang, & Eddy, 2000; Ziegler, Nelson, & Jonnalagadda, 2003) . The literature shows that DS use is already widespread among young athletes (Braun et al., 2009; Nieper, 2005; Perko et al., 2000; Petroczi et al., 2008; Slater, Tan, & Teh, 2003; Ziegler et al., 2003) and most frequent in the elite. The proportion of DS use in elite adolescent athletes is between 48% (Petroczi et al., 2008) and 80% (Braun et al., 2009) , depending on age, sex, and kind of sport. The preferences for a specific DS have differed between studies; however, it has been shown that DS users often consume more than one supplement regularly. Previous data have indicated that the average number of DS used by adolescent athletes ranges from 3.0 (Petroczi et al., 2008) to 3.6 (Slater et al., 2003) .
The fact that many adolescent athletes use DS regularly and often consume not only one DS but also different supplements is alarming, especially since many substances have not yet been evaluated and sufficiently tested for use by adolescents (Maughan, Depiesse, & Geyer, 2007; Metzl, Small, Levine, & Gershel, 2001; Perko et al., 2000) . Furthermore, as different supplements may interact with each other (Ziegler et al., 2003) or have negative effects (Lawson et al., 2007) , there is a need for long-term safety studies to be conducted for all DS (Maughan et al., 2004) , as some might further contain prohibited anabolic androgenic steroids that are not declared on the label (Geyer et al., 2004) . A recent article showed that contamination occurs in about 25% of all DS, with anabolic steroids being the most common contaminant (Petroczi, Taylor, & Naughton, 2011) . Other contaminants are, for example, ephedrine and caffeine (Maughan, 2005) .
It is also distressing that adolescent athletes seem to know very little about DS. In a study by Slater et al. (2003) , only 10% of the adolescent athletes reported good or very good knowledge about DS. Most young athletes learn about supplementation from friends and other athletes (Slater et al., 2003) . This may indicate that professional education is missing. However, it is also possible that adolescent athletes perceive each other as more credible sources, because one study showed that parents gave DS to their adolescents without explaining the reason for doing so (McDowall, 2007; O'Dea, 2003) . Many athletes believe that they are more successful in their sport if they use supplements (Ziegler et al., 2003) . Therefore, young athletes are very susceptible to the marketing of the supplement industry, which specifically targets adolescents (Perko et al., 2000; Ziegler et al., 2003) .
Until now, only a few studies have addressed supplement use among elite adolescent athletes (Braun et al., 2009; Nieper, 2005; Petroczi et al., 2008; Slater et al., 2003; Ziegler et al., 2003) . There remains a research gap concerning the prevalence of and opinions toward the use of DS, as well as sources of information and supply. Past studies mainly included small samples (Braun et al., 2009; Nieper, 2005) and often focused on only one kind of sport (Nieper, 2005; Ziegler et al., 2003) or a few selected kinds of sport (Petroczi et al., 2008) . Sources of supply have not yet been sufficiently analyzed.
The GOAL Study (German Young Olympic Athletes' Lifestyle and Health Management Study), on which the following analyses are based, sought to narrow this knowledge gap. The aim was to extend and specify the results of a previous German study (Braun et al., 2009 ) in focusing only on athletes being organized at the national level and in including athletes from all Olympic sports. Our study used a more homogeneous group, a larger sample size, and a wide range of different sociodemographic and sport-specific characteristics. However, to conduct detailed analyses, it is, from our point of view, important to use a theoretical approach to differentiate between different kinds of DS. Until now, unfortunately, no such approach or consistent definition of DS has prevailed.
In the Dietary Supplement Health and Education Act (DSHEA) of 1994, the U.S. Congress defined DS as products taken to supplement the diet. These products may contain vitamins, minerals, herbs, or other botanicals; amino acids; and substances such as enzymes, organ tissues, and metabolites (Food and Drug Administration [FDA], 1994) . The DSHEA groups DS as a special category of foods (FDA, 1994) . However, the term dietary supplement is not used consistently in the literature (Braun et al., 2009) . Oftentimes, terms like nutritional supplement, nutritional ergogenic aid, or sports supplements are used for DS (Braun et al., 2009) ; these inconsistencies reveal the need for a common definition to prevail in the scientific literature. In EU Directive 2002/46/EC, DS are called food supplements and are defined as having the purpose to supplement the normal diet (Eberhardie, 2007) . They are described as concentrated sources of nutrients or other substances with a nutritional or physiological effect, marketed in different forms (Eberhardie, 2007) .
A second aspect that has to be clarified is the different functions of DS, for which there is also a lack of clear definition. Bingham (2007a, 2007b ) provided a starting point for the categorization of DS based on the rationale for their use. The Australian Institute of Sport classified DS according to their effectiveness and safety. However, it would be helpful to group DS according to their function for the athletes to make comparisons of DS use between athletes more significant and to enable researchers to draw clearer conclusions about DS use. For example, energy drinks and dextrose can be summarized commonly as DS with a short-term function, as they are mainly used during or after physical activity to compensate for the loss of minerals, carbohydrates, and fluids. In contrast to this, vitamins and minerals have a long-term function, because they are used to sustain high performance over a longer period of time (Williams, 2004 (Williams, , 2005 . This indicates that performance should remain at a high level, although sports-related deficiencies, which could hamper performance, may increase. A third group aims at making users more able-bodied and includes such DS as creatine and protein (Buford et al., 2007; Campbell et al., 2007) . This is a group of DS with a medium-term muscle-building function. Introducing these or similar groups of DS would also help provide targeted groupspecific education.
With our nationwide study of a complete sampling of all elite national German athletes in all Olympic sports, we can characterize the use of DS for the first time. Our aim is to show the prevalence of DS use with respect to demographics and a wide range of sport-specific characteristics in young athletes. Furthermore, we analyzed differences between nonusers, users, and daily users; studied the association between the athletes' opinions on the need for DS and DS use; and identified sources of information and supply.
Methods
The data for this manuscript were drawn from the cross-sectional GOAL Study, which is a collaborative project by the Universities of Heidelberg and Tübingen and was conducted by the author team. A more detailed description of the study design was recently published elsewhere (Thiel et al., 2011) . Approval of the ethics committee of the Medical Faculty of Tübingen was obtained (222/2009BO1).
Study Population
The GOAL Study is a nationwide study of all elite German adolescent athletes who met the following criteria: First, they had to engage in one sport in the 2010 Winter Olympics or the 2012 Summer Olympics; second, they had to be born between the years 1992 and 1995; and third, they had to compete at least at the lowest national squad level (in Germany, D/C squad). The Association of Greco-Roman Wrestling did not agree to partake in the study, and in sailing and bobsledding no athlete met the inclusion criteria. Overall, we asked 1,843 athletes from 51 sports to answer a self-administered question-naire between February 2010 and January 2011. The response rate was 61.75% (N = 1,138; 56.1% male; age 14-18 years, mean 16.3 years) according to the definitions of the American Association for Public Opinion Research (2009).
Statistical Analyses
We conducted bivariate analyses concerning sociodemographic and sport-specific characteristics of nonusers compared with those who use DS occasionally (ever users) and those who use DS daily. "Ever users" were defined as athletes who consume at least one supplement once per month; "daily users" were defined as those who had consumed at least one DS per day during the previous weeks. In addition, we formed groups of different DS according to their function. Following a theory-based approach (Buford et al., 2007; Campbell et al., 2007; Williams, 2004 Williams, , 2005 , dextrose and energy drinks were combined as having a short-term supplemental function. Both are used to compensate for the loss of minerals, carbohydrates, and fluids due to ongoing or recently stopped physical activity. They are often used during competition to sustain individual performance. In contrast to this, we combined complex carbohydrates, vitamins C and E, multivitamins, iron, magnesium, calcium, and zinc as DS having a long-term supplemental function. Consumption of these DS is intended to sustain high performance over a longer period. A third group is formed by DS that have a medium-term muscle-building function, namely, protein and creatine. These are also taken to support the effects of training. Based on these three groups, we first analyzed which DS group is used and how often, by user group. Second, we analyzed what kind of athletes used which group of DS.
Furthermore, we aimed to report on the athletes' opinions on the need for DS use. For this purpose, we analyzed their agreement with three statements regarding nutritional supplements ("Without DS I am sick more often." "Regular intake of supplements is not harmful to my health." "To improve my performance I need supplements.") by performing χ 2 tests. In a last step, we uncovered sources of information about supplements and sources of supply. All p values were two-tailed at a predefined level of significance of p < .05. The data analysis was conducted using SPSS PASW 18 Statistics (IBM Corp., Somers, NY).
Results
The data set included 1,138 athletes (56.1% male) with a mean age of 16.3 years (range 14-18 years). They participated in 51 different sports that can be summarized as follows (Sundgot-Borgen, 1994) : ball games (35.9%), endurance (28.9%), technical (16.2%), weight dependent (8.6%), power (6.3%), and aesthetic (4.1%). All the athletes were organized at the national level.
Overall, 91.1% of elite German adolescent athletes consumed one supplement at least once a month (ever users). More than one quarter of the athletes were daily users (26.8%, Table 1 ), which means they consumed at least one supplement daily. We found that male athletes were more frequent users (χ 2 = 5.881, df = 1, p = .015), as well as daily users, than female athletes (χ 2 = 6.066, df = 1, p = .014). Furthermore, the proportion of nonusers of DS decreased by age; however, this effect was not significant. In terms of school, we could not identify any association.
Furthermore, nonusers and daily users significantly differed by sport (χ 2 = 13.852, df = 5, p < .05). Analyzing different groups of sports (Sundgot-Borgen, 1994), we found the highest frequency of daily users in endurance and power sports (both 34.3%). The lowest frequency of daily users was found in technical sports (16.8%). However, the highest proportion of nonusers was found in aesthetic athletes. In addition, the weekly duration of sporting activity differed significantly between nonusers and daily users (χ 2 = 16.533, df = 2, p < .001). Athletes who were obligated to consume supplements were more frequent users (χ 2 = 6.380, df = 1, p = .012) and daily users (χ 2 = 9.778, df = 1, p = .002) than athletes having no requirements concerning supplementation. Squad level and other sport-specific characteristics like attending sport school or boarding school or having other elite athletes in the family were not significantly associated with DS use or nonuse (Table 1) .
Looking in more detail at the DS use of the three groups, DS with short-term supplemental function (78.1%) and long-term supplemental function (75.9%) were more often used at least once a month than DS with a medium-term muscle-building function (38.4%, Table  2 ). The highest daily consumption was found for DS with long-term supplemental function (23.2%). Furthermore, differences between daily users and nondaily users were identified. While nearly all the daily users used DS with long-term supplemental function at least once a month (97.9%), they showed a slightly lower, but still high, tendency to use DS with short-term supplemental function than did nondaily users (83.6% vs. 86.3%). Intake of DS with muscle-building function was nearly twice as frequent among daily users as among nondaily users (62.2% vs. 32.6%).
The top five supplements consumed at least once a month were magnesium (68.6%), dextrose (64.0%), energy drinks (63.9%), vitamin C (56.1%), and calcium (46.2%). Among daily users the preferred supplements were magnesium (82.9%), vitamin C (76.2%), iron (70.3%), calcium (66.1%), and energy drinks (65.4%, Table 2 ).
When we looked at the types of supplements used by elite adolescent athletes, it became apparent that many athletes used DS from more than one group (Figure 1) . Of all users, 24.2% used DS from one group only (n shortterm = 131, n medium-term = 4, n long-term = 100), while 41.7% used DS from two groups (n short-term and n medium-term = 29, n short-term and n long-term = 339, n medium-term and n long-term = 37), and 34.1% used DS from all three groups (n short-term , n medium-term , and n long-term = 331). Note. 78.1% of all 1,066 athletes used at least 1 DS with short-term supplemental function once during the last month; 5.0% of all 1,066 athletes used at least 1 DS with short-term supplemental function once a day during the last month. a At least 1 DS at least once during the last month.
Analyses of the user characteristics of the different DS groups (Table 3) showed that male athletes were significantly more likely to use DS with short-term supplemental function (83.4% vs. 71.5%; χ 2 = 22.991, df = 1, p < .001) and medium-term muscle-building function (48.0% vs. 26.1%; χ 2 = 55.484, df = 1, p < .001) than females were. Using DS with muscle-building function was directly correlated with age (χ 2 = 20.812, df = 4, p < .001). We found no association with education. Another interesting finding was that DS with muscle-building function were most used by athletes in endurance sports (48.3%; χ 2 = 22.164, df = 5, p < .001), whereas DS with long-term supplemental function were mostly used by ball-game athletes (80.5%) and endurance athletes (80.1%; χ 2 = 22.864, df = 5, p < .001). DS with musclebuilding function were also associated with the weekly duration of sporting activity, in hours (χ 2 = 12.060, df = 2, p = .002), and the number of days of competition during the last season (χ 2 = 8.661, df = 3, p = .034). The proportion of users increased with both hours and days. However, for the use of DS with long-term function, a U-shaped relationship with days of competition during the last season was found, with the highest proportion for athletes with less than 21 days (77.7%) and more than 50 days (84.4%; χ 2 = 11.730, df = 3, p = .008). The intake of DS with muscle-building function and with long-term supplemental function was higher for athletes who were required by their sports associations to take supplements (49.4% vs. 37.6%; χ 2 = 4.642, df = 1, p = .031; 90.1% vs. 74.8%; χ 2 = 9.629, df = 1, p = .002). No associations were found for squads, attending a sport school or boarding school, or for athletes having other elite athletes in the family.
The main sources of information about DS were coaches (36.5%), family (29.7%), physicians (29.3%), and nutritionists (13.9%). Overall, 15.6% learned about DS from the media and 26.9% stated that no one gives them information about supplementation. The most-named sources of supply among the users of DS were parents (51.2%), coaches (20.3%), and general practitioners (16.4%). Furthermore, 35.6% of the elite athletes obtained their DS independently.
More frequently than nonusers, supplement users affirmed three statements concerning the need for supplements (Figure 2 ). For every statement, the proportion of athletes agreeing with the statements grew with number of functional groups from which they used DS. For example, affirmation of the statement "Without supplements I am sick more often" rose from 0.0% for nonusers to 4.8% for users of DS from 1 group, 9.2% for users of DS from 2 groups, and 20.2% for users of DS from three groups. As a result, users of DS from three groups stated that the regular intake of supplements is not harmful to their health (65.8%) and that they need supplements to improve performance (26.8%), compared, for example, with nonusers of DS (0.0%, 24.7%, and 1.1%).
Discussion
Our study is the first nationwide study on DS use and user characteristics including elite adolescent athletes from all Olympic sports. With our extensive sample of 1,138 elite adolescent athletes, we could uncover new associations and confirm the findings of previous, smaller studies that were more narrowly focused on single sports. We found 9 of 10 athletes using at least one supplement once a month. This rate of 91% is similar to the prevalence of use among older athletes, of whom 88% took at least one DS (Dascombe, Karunaratna, Cartoon, Fergie, & Goodman, 2010 ) and 89% had used or were currently using DS (Froiland, Koszewski, Hingst, & Kopecky, 2004) . Our results show that elite male athletes age 14-18 years use significantly more (daily) DS than their female counterparts. In addition, specific groups of sports, namely, endurance and power sports, as well as weeklong sporting activities, were associated with a higher proportion of daily users. We were able to identify characteristics of athletes who use DS with a short-term supplemental function, with a long-term supplemental function, and with medium-term muscle-building function. These results are especially interesting for evaluating the use of DS among adolescent athletes.
We found that male athletes use DS with short-term supplemental and muscle-building function, unlike females. An age effect of DS with muscle-building function was found in 18-year-olds using the highest amount of protein and/or creatine. Nonetheless, younger athletes used creatine, although it is not recommended for people under the age of 18 years (Metzl et al., 2001 ). The consumption of DS with muscle-building function increased along with the weekly duration of sporting activity and number of days of competition. Furthermore, we found a sport-specific pattern of use. While DS with musclebuilding function were predominantly used by athletes in endurance sports, DS with a long-term supplemental function were most frequently used by athletes in ball games. This could be because of the potential function of the specific DS, which benefit some sports but hamper others (Ziegler et al., 2003) . Besides providing new evidence concerning the use of different DS groups, as well as sources of information and supply, our results are consistent with those of previous studies, but with a bigger sample size and a larger variety of sports. Indeed, we had a high proportion of DS users among our sample of elite adolescent athletes, but these results are comparable to those of Braun et al. (2009) , who had a smaller proportion of males in their sample that showed, in turn, a higher prevalence than females in our data. The high proportion of energy-drink consumption has also been demonstrated (Braun et al., 2009; Petroczi et al., 2008) . Other studies reported that the most-consumed DS are multivitamins and minerals (Braun et al., 2009; Ziegler et al., 2003) . This is also consistent with our findings on the prevalence of magnesium (68.6%), vitamin C (56.1%), and calcium (46.2%) and the overall proportion of 83.1% of DS with long-term supplemental function. Our low prevalence for creatine (11.7%) did not agree with the prevalence of 28% reported elsewhere (Petroczi et al., 2008) . However, Braun et al. reported 5% for creatine use. These substantial differences in creatine use might be explained by the effect of increasing weight, which is not desired for every kind of sport (Ziegler et al., 2003) ; for example, athletes in aesthetic sports showed a relatively low prevalence of DS use (29.5%).
We were also able to confirm that many elite adolescent athletes believe that DS help improve performance (Perko et al., 2000; Ziegler et al., 2003) and prevent illness and injuries (Petroczi et al., 2008; Ziegler et al., 2003) . This was especially true for users of different DS. This observation and the fact that the media are one of the main information sources for DS (Slater et al., 2003) emphasize how important professional education must be in the future. This may also be justified by the fact that many elite adolescent athletes obtain their DS independently (35.6%).
Another problem is that athletes use different DS (Petroczi et al., 2008; Slater et al., 2003) , which was confirmed by our data. For example, a study of adult athletes showed that they used up to eight different supplements (Dascombe et al., 2010) . Our sample showed that 75.8% of all DS users consumed DS from at least two groups. Different supplements can interact-for example, high calcium intake might interfere with iron absorption (Ziegler et al., 2003) -and others may cause adverse reactions, even severely so (Lawrence & Kirby, 2002; Palmer et al., 2003) . Negative consequences of DS use may include allergic reactions (Greenberger & Flais, 2001; O'Dea, 2003) and potential toxicity from large doses (DiPalma & Ritchie, 1977) . Education must fight the widespread and problematic perception that "more is better" (Institute of Medicine, 2010). Furthermore, adolescent athletes must be cautioned that DS are only supplements, not a substitute for an adequate diet (Eberhardie, 2007; Freeland-Graves & Nitzke, 2002) .
The strengths of our study include the widespread sampling of 1,138 elite adolescent athletes from all current Olympic sports. We added new findings to the existing limited knowledge about the relationship between specific sporting characteristics and DS use, in comparing prevalence between users and daily users, and in analyzing sources of supply. However, our study also has shortcomings. As the study design is cross-sectional, it does not allow us to establish causal relationships. To determine what kinds of DS were consumed, we used a standardized item list. Athletes could also add DS in a free-text field. However, this was only done by a minority (n = 44), who used specially combined sport DS or herbal supplements. Unfortunately, we did not inquire about herbal supplements such as echinacea, although the use of such remedies is increasing (Ziegler et al., 2003) . For example, a previous study on elite adolescent elites found that 44% of males and 48% of females took herbal supplements (Ziegler et al., 2003) .
Because most of the athletes in our sample (88.6%) were underage, we have a special ethical responsibility. These young elite athletes are risking their health daily in training and competition. The results of our analyses and previous studies show that professional education is essential. This point is underscored by the fact that 16% of respondents reported that the media were their main source for information on DS. Nutrition experts should be made available to very young athletes at the beginning of their sports careers, not only for athletes who are already in higher squads. As parents and family were one of the main sources of supply and information, they also require better education. We were also concerned to find that some athletes are required by their sports associations to use specific DS (7.7%). A few athletes (not shown in detail due to a small number of cases; 0.6%) were obligated by contract to use DS. This seems irresponsible because many substances have not been cleared for use by adolescents (Maughan et al., 2007; Metzl et al., 2001; Perko et al., 2000) , the effects of long-term use are not yet known (Petroczi et al., 2008) , and some supplements may be contaminated (Olympic Centre Rhineland, 2008) . Furthermore, such requirements are problematic for not only ethical but also legal reasons. We think it would be worthwhile to investigate this situation and its reasons in future studies.
To conclude, this study provided new information on DS use by elite adolescent athletes. The high prevalence of DS use, the reported sources of supply and information, and the requirements of sport federations show that education is urgently needed. Athletes must learn to use DS responsibly and learn that "dose makes the poison" (Soni et al., 2010) . As there is a broad classification of DS and overall regulation is lacking (Ziegler et al., 2003) , there is room for political improvement (Denham, 2011) . Certainly, this will take time, and this is the reason that sport organizations need to take some action, because athletes currently need reliable sources of information about DS (Froiland et al., 2004) . We suggest developing and implementing systems to help athletes, as well as parents and coaches, be better educated and cautioned against excessive use of DS (Dascombe et al., 2010; Ziegler et al., 2003) . If these systems work proactively and support athletes of all squads, it could help motivate athletes to reduce or stop DS use, thereby discouraging young athletes from starting the excessive use of DS.
